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Available online 22 May 2014AbstractIsolated chondral fractures without cancellous bone have limited healing potential. We reattached a chondral fragment without cancellous
bone using bone pegs for chondral fracture of the femoral groove in a 13-year-old boy. Five months after the surgery, we performed a biopsy
to evaluate the histological findings for the healed osteochondral junction. Biopsy results showed that osteoblasts had proliferated in the
subchondral layer, and some osteoblasts had invaded the calcified cartilage, suggesting active new bone formation. A tidemark was observed
between the radial cartilage layer and the calcified cartilage, and it was evident that the osteochondral junction had been completely restored.
Four years and 3 months after the surgery, magnetic resonance imaging revealed that the cartilage on the femoral groove was maintained and the
patient can play basketball asymptomatically. This report shows that surgeons can attempt the reattachment of chondral fragments without
cancellous bone in adolescent patients.
Copyright  2014, Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Traumatic cartilage defects occur frequently in the knee
joint. However, hyaline cartilage is an avascular, alymphatic,
aneural structure, and it has long been believed that isolated
chondral fractures without cancellous bone have limited
healing potential. For resurfacing traumatic cartilage defects,
bone-marrow stimulation techniques such as subchondral
drilling1 and microfracture,2 autologous chondrocyte implan-
tation,3,4 and osteochondral autograft transfer5 have been
developed. However, there is no well-established treatment
that can completely repair these cartilage defects. Therefore, if
a detached chondral fragment without cancellous bone can be* Corresponding author. Department of Orthopaedic Surgery, Gunma Chou
Hospital, 1-7-13 Kuon, Maebashi, Gunma 371-0025, Japan.
E-mail address: kazuhisa@zg7.so-net.ne.jp (K. Hatayama).
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2214-6873/Copyright  2014, Asia Pacific Knee, Arthroscopy and Sports Medicin
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nreattached to the subchondral bone and allowed to heal,
excellent joint-surface congruity can be restored. We report
here a good clinical outcome for an adolescent boy after we
reattached a chondral fragment using bone pegs for chondral
fracture of the femoral groove without cancellous bone. We
performed a biopsy to evaluate histological findings for the
healed osteochondral junction.
Case Report
In February 2008, a 13-year-old boy presented with right
knee pain and swelling after his knee hit the floor while he was
playing basketball. A few days later, the orthopaedist he
consulted diagnosed a loose body in his right knee and
referred him to our hospital for surgery.
On physical examination during his first preoperative visit,
he had hydrarthrosis and a slightly limited range of motion in
his right knee, 5 to 130. A free body was palpated in thee Society. Published by Elsevier (Singapore) Pte Ltd. This is an open access
c-nd/4.0/).
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of knee flexion. Although plain radiographs showed normal
findings, magnetic resonance imaging (MRI) revealed a
cartilage defect of the femoral groove (Fig. 1). We diagnosed a
cartilage injury of the femoral groove and a free body in the
knee.
Arthroscopy was performed 17 days after injury, which
revealed a cartilage defect of the femoral groove (Fig. 2A). A
detached chondral fragment was found in the lateral gutter. It
was retrieved from the knee joint and measured 20  14 mm2
without cancellous bone (Fig. 2B and C). Because the chon-
dral fragment was so large, we decided to reattach the frag-
ment at the femoral groove. A standard mini-open arthrotomy
was performed for open reduction. The defective cartilage was
carefully debrided down to the subchondral bone. The chon-
dral fragment was reduced and fixed using five bone pegs
obtained from the medial cortex of the proximal tibia.
Although the cartilage fragment was flattened, radially
inserting the bone pegs allowed the chondral fragment to be
attached to the subchondral bone, and the curvature of the
femoral groove was well restored (Fig. 2D). A needle biopsy
was performed at the centre of the chondral fragment for
histological evaluation. The results revealed that the fragment
was detached at the hyaline cartilage layer and was not
observed at the subchondral bone layer (Fig. 3).
After the surgery, the knee was immobilized in an above-
the-knee cast at 30 of flexion for 3 weeks. After removal of
the cast, range-of-motion exercises and partial weight bearing
were started. Full weight bearing was allowed 6 weeks after
the surgery. Three months after the surgery, we performedFig. 1. Preoperative magnetic resonance image showing cartilage defect on the
femoral groove (arrow).MRI to verify that the fragment had not detached, and pro-
gressive muscle strengthening and jogging were allowed.
The patient and his parents were advised that he should
later undergo second-look arthroscopy for evaluation of the
healing status of the reattached fragment and biopsy for his-
tological evaluation of the osteochondral junction, and they
consented. Five months after the surgery, second-look
arthroscopy revealed the proliferation of fibrous tissue at the
insertion site of the bone pegs and stabilization of the chondral
fragment (Fig. 4). Cartilage and the subchondral unit were
taken from the centre of the reattached lesion by needle biopsy
and stained with hematoxylin and eosin (Fig. 5). Chondrocytes
were normally arranged in the hyaline cartilage layer
(Fig. 5A). However, surface roughness and volume decrease
were observed. Osteoblasts had proliferated in an orderly
fashion in the subchondral layer, and some osteoblasts had
invaded the calcified cartilage, suggesting active new bone
formation. Tidemark was observed between the radial carti-
lage layer and the calcified cartilage, and it was evident that
the osteochondral junction had been completely restored
(Fig. 5B and C). After second-look arthroscopy, the patient
gradually returned to sports and was playing in official games
at 6 months.
Four years and 3 months after the surgery, when the patient
was 18 years old, he had no pain, effusion, or patellofemoral
crepitation; he had full knee function; and he could play
basketball asymptomatically. Plain radiographs showed no
degenerative change (Fig. 6AeC). Although MRI revealed
increased signal intensity in the cartilage layer, the cartilage on
the femoral groove was maintained and had a good contour
(Fig. 7).
Informed consent of the patient and his parents was ob-
tained for the publication of this case report.
Discussion
Nakamura et al6 first reported successful clinical results and
histological evidence of complete healing after internal fixa-
tion using bioabsorbable pins for chondral fracture. We also
obtained good midterm clinical results after fixation with bone
pegs in a large chondral fracture. Although making the bone
pegs is somewhat complex, their preparation does not require
special instruments, unlike bioabsorbable pins. In addition,
because the bone pegs have a jagged surface, they could be
attached to the flattened fragment on cancellous bone, even
though the contact area between the pegs and the chondral
fragment was small. Another advantage is that bone pegs are
biomaterial, and thus minimize any inflammatory reaction
after surgery.7,8 In this case, although the bone pegs were
partially exposed on the cartilage surface to fix the fragment,
which consisted of only a cartilage layer, there was no
persistent pain, local heat, or effusion in the midterm.
A commonality between the patient in the case reported by
Nakamura et al and our patient is adolescence; it may be that
young age is associated with successful healing after reat-
tachment of chondral fragments. Flachsmann et al9 reported
that there were histological and mechanical differences in the
Fig. 2. (A) Arthroscopic view. Macroscopic view of the (B) articular and (C) ventral surface of the chondral fragment. (D) Internal fixation of the chondral
fragment using bone pegs.
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Fig. 3. Photomicrograph of the detached chondral fragment showing the
absence of the subchondral bone layer (haematoxylin and eosin, 40).
Fig. 4. Second-look arthroscopy at 5 months after the surgery. Although there
was a little proliferation of fibrous tissue from the insertion site of bone pegs,
the cartilage surface was smooth for the most part and the chondral fragment
was stable.
Fig. 5. Photomicrograph of the cylindrical biopsy specimen. (A) Entire view [(haematoxylin and eosin (H&E)), 10]. (B) Superficial layer of articular cartilage
with normal-appearing chondrocytes (H&E, 40). (C) Osteoblasts have invaded the calcified cartilage (arrows; H&E, 100). Tidemark has been established
(arrow heads).
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Fig. 6. (A) Anteroposterior, (B) lateral, and (C) skyline view radiographs of the injured knee at 4 years and 3 months after the surgery.
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Rivas and Shapiro investigated the growth of epiphyses in the
New Zealand white rabbit and observed calcification of the
lowest zone of articular cartilage and appearance of the tide-
mark that is the final structural maturation change at the un-
dersurface of the articular cartilage in thinning of the physis.10
According to these reports, adolescence before closure of the
epiphyseal line may represent a developmental stage of not
only bone growth but also maturation of the osteochondral
junction. Furthermore, Flachsmann et al demonstrated that in
the adolescent stage, construction of a calcified cartilage layer
begins, with calcification progressing upward from the sub-
chondral bone, such that the functional strength of the osteo-
chondral junction gradually increases with growth.9 Thus,
adolescence is the stage at which the interface between the
articular cartilage and the subchondral bone is in structural
transition and undergoes an abrupt change in mechanical
properties. Nakamura et al6 showed that the osteochondral
junction has been restored after internal fixation for chondral
fragment. However, they could not show the healing process of
osteochondral junction. Our histological biopsy specimenshowed that osteoblasts proliferated in the subchondral bone
and were able to invade calcified cartilage. This suggested that
the osteoblasts potentially contributed to the repair and
reconstruction of the osteochondral junction in our patient and
that the osteochondral junction was completely restored,
including tidemark formation.
Although chondrocytes were normally arranged in the hy-
aline cartilage layer, healing of the fragment left surface
roughness and volume decrease. The subchondral bone plays
an important role in cartilage metabolism.11 Therefore, it
might be due to a problem with the maintenance and synthesis
of cartilage matrix in reattached fragment until the osteo-
chondral junction has been restored after surgery. However,
our patient was able to return to the official basketball game at
6 months after the surgery. In addition, 4 years after the sur-
gery, the patient was able to continue playing basketball
asymptomatically and MRI revealed that the cartilage on the
femoral groove had a good contour. We propose that restora-
tion of the osteochondral junction resulted in improvements in
the cartilage metabolism in midterm and maintained the
cartilage morphology. We suggest that surgeons can attempt
Fig. 7. Magnetic resonance image obtained 4 years and 3 months after the
surgery. It showed good contour of the repaired cartilage fragment on the
femoral groove.
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bone in adolescent patients, because they have the potential for
active maturation of the osteochondral junction.
Conclusion
We reattached a chondral fragment without cancellous bone
using bone pegs in a 13-year-old-boy, and achieved good
clinical outcome in the midterm. Histological examinationafter the surgery showed that the osteochondral junction was
completely restored.
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